Progressive sensory axonal neuropathy is a frequent finding in heredoataxic disorders, particularly in Friedreich's ataxia (1, 2) . Moreover, it has also been reported in adult patients with mitochondrial encephalomyopathy (3) (4) (5) . However, peripheral neuropathy is barely seen in children with mitochondrial disease (6) . Here we report clinical, electrophysiologic, biochemical, and genetic data in a kindred spanning four generations who harbor the G8363A mutation in the tRNALys gene of mitochondrial DNA (mtDNA). The clinical presentation of the G8363A mutation in this family has remarkable peculiarities when compared with the eight previously reported kindreds. Although the G8363A mutation often presents with cardiomyopathy and myoclonus epilepsy, the main clinical presentation in our family was the presence of severe sensory neuropathy with ataxia. It is interesting that the onset of the heredoataxic presentation was for most patients before age 10, and some individuals' disease was even misdiagnosed as Friedreich's ataxia. The characteristics of this family suggest that mitochondrial disease should be ruled out in children who present with heredoataxic syndromes and peripheral neuropathy of unknown origin. Figure 1A shows the pedigree of the family. Individual IV:1. This girl was born after a normal pregnancy and had a normal neonatal period and normal development. At age 4, during a viral infection, she had a febrile convulsion. EEG showed normal background and generalized paroxysmal spike and waves discharges after photostimulation. At age 6, parents noted an odd clumsy hodge performance and low school level. Neurologic examination performed at age 9 showed gait ataxia, pes cavus, hyporeflexia of the lower extremities, and slight dysmetria. Normal sensibility for modalities was present. Fundus oculi and cardiologic examination were normal. The Wechsler Intelligence Scale for Children revealed an IQ of 80. A brain magnetic resonance imaging (MRI) scan performed at age 9 showed diffuse leukodystrophy of the periventricular white matter of the occipital regions. Normal visual evoked potentials and electroretinogram (ERNG) were present. Brain stem auditory evoked potentials showed low amplitude. Somatosensory evoked potentials were abnormal with very low amplitude. Results of the electrophysiologic studies are shown in Table 1 . At age 16, the patient presented with nystagmus, slight ataxia, and severe distal muscle weakness. A repeat brain MRI with spectroscopy showed cerebellar atrophy with normal cerebral white matter. Renal, cardiologic, and endocrinologic functions were normal. Laboratory tests showed increased blood lactate (2.6 mM), and polarographic measurements showed decreased oxygen consumption in lymphocytes when incubated with pyruvate plus malate (1.6 nmol oxygen · min Ϫ1 · mg protein Ϫ1 ; reference values, 2.3-7.1) or glutamate (2.3 nmol oxygen · min Ϫ1 · mg protein Ϫ1 ; reference values, 2.6 -7.0). Individual IV:2. This 18-y-old man was asymptomatic. Clinical examination and laboratory and electrophysiologic studies were normal.
METHODS

Clinical Presentations
Individual III:1. This 38-y-old female noticed progressive weakness and unsteady gait at age 14, when her disease was misdiagnosed as Friedreich's ataxia. At age 28, she developed a horse collar lipoma. At age 32, clinical examination showed severe sensory neuropathy with loss of vibratory and position sensation and conserved nociception. Areflexia, ataxia, slight dysmetria, dysarthria, and Romberg sign were present. Electrophysiologic studies are shown in (Table 1) . Cardiac, renal, and endocrinologic functions were normal. A brain MRI with spectroscopy showed bilateral basal ganglia hyperintensities of T2 signal with increased lactate and cerebellar atrophy. The patient has developed progressive reduction of visual acuity in the past 2 y, with bilateral optic disc pallor and a lipoma of the cervical region ( Fig. 2A ). Pes cavus with important distal muscular amyotrophy and weakness makes it nearly impossible for her to walk unaided. This year, the first symptoms of cardiomyopathy have recently appeared. Laboratory investigations showed increased blood lactate (2.9 mM). Polarographic studies showed slightly abnormal oxygen consumption in lymphocytes incubated with pyruvate plus malate (2.3 nmol oxygen · min Ϫ1 · mg protein 
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Individual III:3. This patient was clinically asymptomatic at age 28 y. Laboratory and electrophysiologic studies were normal.
Individual II:1. Neurologic examination was normal at age 63. At age 28, the patient developed a large lipoma around the neck, which required surgery twice (Fig. 2B) . Laboratory and electrophysiologic studies were normal.
Individual II:3. Neurologic examination was normal at age 60. However, the patient also presented with a lipoma in the neck and cervical region.
Biochemical Studies
Lactate and pyruvate were analyzed according to previously reported methods (7) . Oxygen consumption measurements were performed in digitonine-permeabilized lymphocytes using a Clark-type oxygen electrode as described (8) . Histochemical and biochemical determinations in muscle samples were performed by standard procedures (9 -12).
Genetic Studies
Blood and skeletal muscle were obtained for mtDNA analysis from all patients. In addition, adipose tissue obtained from the removed lipoma was obtained from individual III: 1. Total DNA was isolated from blood and muscle by standard procedures, and the following point mutations in mtDNA were ruled out by restriction fragment length polymorphism (RFLP) analysis: A8344G, T8356C, A3243G, T3271C, and T8993G. As RFLP results were negative, the mtDNA tRNALys gene was sequenced by standard procedures. Amounts of mutated G8363A genomes were assessed by RFLP analysis using the restriction enzyme Hph I (13).
Samples of patients and control subjects were obtained in accordance with the 2000 revised Helsinki Declaration of 1975. Informed consent was obtained from the family. The Institutional Review Board and Ethical Committee of the Sant Joan de Déu Hospital approved the study.
RESULTS
Skeletal muscle biopsies.
Histopathologic studies revealed the presence of scattered ragged-red fibers in individual II:1. The study of the muscle of individual III:1 showed abundant COX-negative ragged-red fibers, with neurogenic atrophy. Enzyme activities of the respiratory chain were performed in frozen muscle of individuals IV:1 and II:1 and in fibroblasts of individuals IV:2 and II:1 with normal results. The studies of a fresh muscle biopsy of individual III:I showed deficient pyruvate and malate oxidation and partial defect of complex I. A fresh muscle biopsy of the asymptomatic individual III:3 also showed deficient pyruvate oxidation and ATP production but normal enzyme activities of the respiratory chain. Nerve biopsies were not available.
Genetic studies. Sequencing analysis of muscle DNA from individual IV:1 revealed the presence of the G8363A point mutation in the mtDNA tRNALys gene. Figure 1B shows the RFLP analysis of the mutation in most of the individuals studied. Mutation load ranged from 6% in individual III:3 to Ͼ95% in blood and muscle from individual IV:1 and muscle from II:1 and in the only lipoma sample that was available for the study (from individual III:1; Fig. 1C ).
DISCUSSION
This family developed increasing severe sensory neuropathy and heredoataxic syndrome since childhood. Mixed peripheral neuropathy has frequently been reported in children with mitochondrial disorders. However, sensory ataxic neuropathy has rarely been described as a predominant sign. The electrophysiologic studies of the peripheral nerves were similar to those of the Friedreich ataxia neuropathy (2), with absence of sensory nerve action potentials. However, our patients also showed a slight amplitude reduction in compound motor action potentials, mild slowing of conduction velocities, and prolonged distal latencies, indicating axonal motor and sensory neuropathy. Electromyograph revealed a neurogenic pattern in distal muscles of the lower limbs without myopathic changes in individuals III:1 and IV:1. This differs from the characteristic pattern of Friedreich's ataxia; although initially misdiagnosed, it was also excluded by clinical follow-up and genetic studies. Otherwise, Friedreich's ataxia and vitamin E deficiency are recessive disorders, and our cases are quasi-dominant. Polyneuropathy (mixed axonal and demyelinating sensory and motor polyneuropathy) has been described with various clinical phenotypes in mitochondrial disorders, but only few of these studies have been correlated with the mitochondrial genotype. 
MITOCHONDRIAL SENSORY NEUROPATHY
One of the exceptions to this rule is the NARP syndrome (neurogenic weakness, ataxia, and retinitis pigmentosa), in which the presence of axonal neuropathy is a major diagnostic criteria (14) .
Peripheral neuropathy and ataxia seem to be one of the features present in patients who harbor the G8363A mutation. This mutation was originally reported to be associated with cardiomyopathy and hearing loss (13) and subsequently in two Japanese families who presented myoclonus epilepsy and lipomas (15) . In recent work, the mutation was identified as associated with Leigh syndrome (16, 17) . Brain MRI in individual IV:1 showed leukodystrophy in periventricular white matter. However, the follow-up MRI years after showed only cerebellar atrophy. A possible explanation is that the patient had dysmyelination in the first MRI, and at present the patient shows normal white matter. Brain MRI with spectroscopy in individual III:1 showed bilateral hyperintensities of T2 signal with increased lactate in the basal ganglia and cerebellar atrophy. Table 2 shows the clinical presentation of G8363A patients described to date. It is interesting that ataxia and peripheral neuropathy seem to be common in patients who harbor this molecular defect. However, other presentations such as cardiomyopathy and myoclonus epilepsy can be the major landmark of the G8363A mutation. There is a general agreement that factors other than the mutation itself could account for the presentation of the genotype of point mutations in mtDNA, and, when comparing the clinical phenotypes of G8363A patients, those from the Mediterranean area (18,19 and our family) present with a phenotype dominated by peripheral neuropathy.
Another remarkable finding is the presence of lipomas in some of these patients. Despite the wide clinical presentation of point mutations in mtDNA, the presence of lipomas associated with mtDNA point mutations has been reported exclusively in patients who harbor point mutations in the tRNALys gene, suggesting that some mtDNA genes have a "tissue specific" function (20) . This observation has an important consequence from a diagnostic point of view, as the presence of maternally inherited lipomas accompanied with neurologic signs is almost "pathognomonic" of a mtDNA point mutation in the tRNALys gene. Recently, lipomas, sensory neuropathy, and mitochondrial diabetes have also been described to be associated with a tRNA mutation at position 3271 (21) .
Clinical diagnosis of mitochondrial disorders requires a precise study of the clinical phenotypes. Especially in children, the association of different syndromes with the same mutation, phenotypic variation, and the association of different mutations with the same syndrome and genetic heterogeneity further complicates the possibility of diagnosis and classification. We conclude that a mitochondrial origin has to be investigated by searching mitochondrial mutations in clinical forms that resemble Friedreich's ataxia with negative genetic markers, as well as other forms of peripheral sensory neuropathies in childhood of unknown origin. 
